Abstract-In this paper, a downlink resource allocation (RA) optimization problem is investigated in heterogeneous cellular network (HCN) which is based on power domain -nonorthogonal multiple access (PD-NOMA) by considering coordinated multi-point (CoMP) technology. To assess the performance of the considered system a novel RA optimization problem is suggested. In order to solve the proposed optimization problem an iterative algorithm based on difference of concave functions (DC) method is applied. In each iteration the transmit power and subcarrier are updated separately and the iterative algorithm is continued until convergence. After applying the DC method, in order to solve the power allocation problem interior point algorithm is utilized, and to solve the subcarrier allocation problem the mesh adaptive direct search (MADS) algorithm is used. In simulation results, the effectiveness of the system model and optimization problem is investigated. As illustrated, by applying CoMP technology the performance of the system is improved by approximately 16%.
I. INTRODUCTION
T HE request of high data rate cellular services is roughly doubling each year [1] . Consequently, advance technologies must be proposed to meet the wireless demands in fifth generation of cellular network (5G). Heterogeneous cellular networks (HCNs) which deploys low-power base stations (BSs) are proposed to improve the spectral efficiency (SE). HCN technology by dividing a large cell into smaller regions, decreases the distance among users and BSs. Therefore, it is possible to achieve higher system sum rate and less transmitted power. Another advanced technology which is introduced for responsiveness of high data rate wireless services growth, is power domain -non-orthogonal multiple access (PD-NOMA). PD-NOMA is an appropriate technology which is considered to be utilized as a part of the 5G mobile networks [3] . In a PD-NOMA transmitter, superposition coding (SC) technique is utilized for multiplexing the users transmitted signals in power domain, and at the receiver side, successive interference cancellation (SIC) method is applied for recovering the users transmitted data. Therefore, contrasted with typical orthogonal multiple access (OMA), PD-NOMA can improve SE significantly [4] . By utilizing coordinated multi-point (CoMP) technology in a HCN based system, the system performance can be improved. CoMP technology is proposed to retain intercell interference (ICI), and to enhance the users performance which could connect to multiple BSs simultaneously. In CoMP systems, a cluster of coordinating BSs are communicated with a central processing unit through backhaul network [5] . To synchronize the transmission of BSs, required information is shared between numerous BSs through a high speed backhaul links [6] . CoMP has more robustness against ICI and enhances data rate by various BSs working together [7] .
To improve the system performance, CoMP technology and various resource allocation (RA) methods have been studied, recently [8] , [9] . This combination can be utilized in HCN based systems to support the demands of high data rate services. In addition, PD-NOMA is an effective technique for increasing the achievable data rate.
Different RA schemes are investigated in OFDMA based HCN systems [12] - [15] . To investigate the RA in HCN, a unified strategy is proposed in [12] . Radio RA optimization problem for a HCN system is studied in [20] . PD-NOMA strategy is applied to utilize the benefits of the multi-carrier transmission technique that prepare high data rate in wireless channels [16] . A robust resource allocation algorithm for two types of traffic in systems based on PD-NOMA is investigated in [17] . Moreover, a new NOMA scheme is proposed for CoMP in [18] . Recently, the PD-NOMA performance in CoMP system is evaluated in [19] .
The main contributions are summarized as follows:
• We recognize a downlink PD-NOMA based HCN system, where each user can receives its signals from different BSs simultaneously. The motivation behind this consideration is that PD-NOMA, HCN, and CoMP can improve the system SE.
• We propose a new RA optimization problem by considering CoMP technology, PD-NOMA and HCN which maximize the system sum rate. The constraints of the considered RA optimization problem are minimum rate requirement for each user, maximum available transmit power, and PD-NOMA constraints. iterative algorithm is used. In this regard, we write the non convex functions in a difference of concave functions (DC) form, then DC approximation is applied to convert the optimization problem to a standard form of convex optimization.
The remaining organization of this paper is as follows: In Section II, we introduce both the system model and the problem formulation. In Section III, the SCA based algorithm is developed. In Section IV the complexity discussion is presented. In Section V the simulation results are introduced. At last, in Section VI, the paper is concluded.
II. SYSTEM MODEL AND PROBLEM FORMULATION
In this work, we recognize a downlink HCN based on PD-NOMA and CoMP technology which consists of a macro BS (MBS) and varied small BSs (SBSs). In addition, there are M users that are divided into two categories: users of SBSs and MBS. A typical illustration of the considered system is shown in Fig.1 . Moreover, we consider that the total bandwidth is available in all the BSs. Therefore, as seen in Fig.1 , the transmit power on each subcarrier in a BS crates interference on the other BSs which use the same subcarrier.
The channel coefficient between user m and BS f on subcarrier n is indicated with h f m,n , the power of BS f on subcarrier n to user m is expressed as p f m,n , and the subcarrier allocation to user m in BS f is indicated with the binary variable ρ f m,n ∈ {0, 1}, e.g., when the subcarrier n is allocated to user m in BS f , we have ρ f m,n = 1, and otherwise ρ f m,n = 0. Moreover, the sets of BSs and all subcarriers are shown by F = {1, 2, ..., f } and N = {1, 2, ..., N }, respectively, where f = 1 refers to the MBS. Also, the set of users of BS f is denoted by M f = {1, 2, ..., M f }. Consequently, from the above definitions, the achievable rate of user m from subcarrier n over BS f is formulated as r f m,n = log(1+γ f m,n ), γ f m,n indicates the signal to interference plus noise ratio (SINR) of user m on subcarrier n over BS f , and is given by
where N 0 shows the noise power, and I f m,n (NOMA) and I f m,n (Intercell) represent the PD-NOMA and the intercell interference, respectively, and are given by
A. Necessary Conditions to Obtain Successful Interference cancellation
To obtain successful interference cancellation in each user, the following constraint must be applied [22] , [23] 
SINR of user m in subcarrier n over BS f at user i. With straightforward calculation, constraint (4) is written by
Constraint (5) is a linear constraint in terms of power variables. Consequently, the RA optimization problem is formulated as follows:
s.t. : C 1 :
where constraint (6b) limits the maximum available power in each BS, (6c) indicates that subcarrier n can be assigned to at most L users, simultaneously, and (6f) expresses the minimum rate necessity.
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Algorithm 1 ITERATIVE RADIO RA ALGORITHM 1: Initialization: initialize the iteration number k = 0 and ρ(0) and P(0). 2: Set ρ = ρ(k), and apply DC approach, 3: Solve (16) and assign its solution to P(k + 1), 4: Solve (7) and assign its solution to ρ(k + 1), 5: If P(k) − P(k − 1) ≤ Θ finish, otherwise let k = k + 1 and go back to the step 2
Due to the objective function, constraint (6f), and both integer and continuous variables, problem (6) is a non-convex optimization problem. Therefore, the solution methods of convex optimization problem can not be used directly.
III. SOLUTION ALGORITHM
In order to solve optimization problem (6) , an iterative algorithm is exploited, where in each iteration, the transmit power and subcarriers are allocated separately, by applying the DC approximation method and MADS algorithm, respectively. An overview of the joint power allocation and subcarrier assignment algorithm is summarized in Algorithm 1. According to this algorithm, first, the transmit power and subcarrier assignment are initialized. Then, in each iteration, by considering fixed transmit power the subcarrier allocation is updated. Finally, by supposing fixed subcarrier, the power allocation is updated. It should be noted that the iterative algorithm is continued until the desired convergence.
A. Subcarrier Allocation
The subcarrier allocation optimization problem in each iteration is formulated as
s.t. :
This optimization problem can be solved by MADS algorithm since it is an integer non-linear programming (INLP). Some available solvers such as NOMAD [25] can be used to apply MADS.
B. Power Allocation
The power allocation optimization problem considering fixed subcarrier allocation in each iteration, is given by
The power allocation optimization problem is a non-convex optimization problem due to the non-covexity of both the objective function and the constraint C5. As a result, a SCA approach is utilized to approximate it to a convex optimization problem. Then, the interior point method is applied.
For any m and f the achievable rate is exploited by [14] is exploited to approximate the non-concave function (10) by a concave one. To this end, the objective function is written as
where
and
By applying a linear approximation, H P f m can be presented by
where the number of entries of the vector ∇ T H P f m is equal to N × M and its entry is given by
Consequently, by applying DC method, a standard convex optimization problem form of the power allocation optimization problem is formulated as follows
To solve the optimization problem (16), the interior point method is applied. To apply the interior point algorithm, several available software can be used. In this paper, the CVX solver is used [26] .
IV. COMPLEXITY DISCUSSION
In this section the complexity of solution algorithm and receivers are investigated.
A. Complexity of the solution algorithm
As explained before, in order to solve the considered optimization problem an iterative algorithm is utilized where each iteration has two steps, the power allocation step and the subcarrier allocation step. To solve the power allocation step, interior point method is applied and its complexity order is given by
where Ψ represents the total number of the power allocation problem constraints and in our work Ψ = 2F + M f (1 + N F ), 0 < ξ 1 is the stopping criterion, t is the accuracy initial point, and µ is used to update the accuracy of interior method [30] . Moreover, the subcarrier allocation problem complexity is related to the number of variables and constraints since the NOMAD solver is used where the total number of variables is equal to M f N F and the number of constraints of the subcarrier allocation problem is equal to [29] .
B. Complexity of the SIC based receiver
If we consider that N S subcarriers are assigned to a use, by applying the minimum mean square error (MMSE) detector, the complexity order of SIC receiver is approximately given by O((
V. SIMULATION RESULTS
Here, the downlink radio RA optimization problem for the proposed system model is investigated with numerical results. ψ where d f m is the distance from user m to BS f , ψ = 2 is the path loss exponent and χ f m,n is an exponential random variable. Fig. 2 and Fig.  3 show the system sum rate versus the number of users and the maximum total transmit power, respectively. As can be seen, by using CoMP technology the system performance is improved by approximately 16%. Moreover, Fig. 4 shows the system sum rate versus the total transmit power for different values of L. Clearly, can be seen that by increasing either the total transmit power or the value of L, the system sum rate increases.
VI. CONCLUSION
In this work, we studied a downlink radio RA in PD-NOMA based HCN system considering CoMP technology. The main aim of the proposed RA optimization problem was maximizing the system sum rate with maximum available transmit power, minimum rate requirement for each user, and PD-NOMA constraints. To solve the proposed RA optimization problem, we used the DC approximation based iterative algorithm where in each iteration, power and subcarrier are allocated separately. As the simulation results show, CoMP technology can increase the system sum rate by approximately 16%. 
